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[57] ABSTRACT 
A motor control system for controlling operation of a 
plurality of motors. The motor control system is com 
posed of a microcomputer for performing sequential 
control of the motors. A plurality of integrated circuits 
are provided to drive the motors, respectively, in re 
sponse to signal output from the microcomputer. Each 
integrated circuit has two input terminals connected 
respectively to two output ports of the microcomputer 
and two output terminals connected respectively to one 
terminals of the motors. Additionally, a change-over 
circuit is provided to change over the rotational direc 
tion of the motors in response to signals from the mi 
crocomputer. The change-over circuit has two input 
terminals respectively connected to two output ports of 
the microcomputer and an output terminal connected to 
the other input terminals of the motors, thereby reduc 
ing the number of the integrated circuits necessary for 
this system while reducing the number of the mi 
crocomputer output ports as compared with in conven 
tional motor control systems. 
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MOTOR CONTROL SYSTEM 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates generally to a motor 

control system for controlling operation of a plurality of 
motors, and more particularly to such a motor control 
system arranged to reduce production cost and neces 
sary space therefor as compared with conventional 
ones. 

2. Description of the Prior Art 
For example, an automatic air-conditioning system of 

automotive vehicles is provided with four motors for 
accomplishing control of opening degree of a door for 
mixing warm and cool air, change-over action of air 
blow-out openings, opening-and-closing action of a 
water valve and the like, in which sequential control of 
the four motors is made in response to signals from a 
sensor and the like by using a motor control system. 
Such a motor control system usually includes a mi 
crocomputer and a plurality of integrated circuits each 
connected to each motor. The integrated circuit is 
adapted to control the operation of each motor in re 
sponse to signal output from the microcomputer. 
However, such a motor control system necessitates 

one motor driving integrated circuit for each motor, 
and therefore the number of the integrated circuits 
increases as the number of the motors increases. Addi 
tionally, the microcomputer is required to have its out 
put ports of the number of two times of the number of 
the motors. This increases production cost of the motor 
control system while increasing space occupied by the 
motor control system. 

SUMMARY OF THE INVENTION 

A motor control system of the present invention 
comprises a control circuit for performing the sequen 
tial control of a plurality of motors in response to signal 
input thereto. A motor driving device has input termi 
nals connected to the output ports of the control circuit 
and output terminals connected to ?rst input terminals 
of the motors, thereby driving motors in response to the 
signals output from the control circuit. A change-over 
device has the input terminals connected to the output 
ports of the control circuit and an output terminal con 
nected to the second terminals of the motors, thereby 
changing Over the rotational direction of the motors in 
response to signal output from the control circuit. Ac 
cordingly, in case of using a plurality of integrated 
circuits as the motor driving device, the necessary num 
ber of the integrated circuit reduces while reducing the 
number of the output ports of the control circuit such as 
a microcomputer as compared with conventional motor 
control systems, thus giving signi?cant advantages from 
the view points of production cost and necessary space 
for the motor control system. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram of a conventional motor 
control system; 
FIG. 2 is a block diagram of an embodiment of a 

motor control system in accordance with the present 
invention; 
FIG. 3 is a block diagram of another embodiment of 

the motor control system in accordance with the pres 
ent invention; 
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2 
FIG. 4 is a circuit diagram of a motor rotational di 

rection change-over circuit used in the motor control 
system of FIG. 2; 
FIGS. 5A to 5C are ?ow charts of an example of 

motor control according to the motor control system of 
the present invention; and 
FIG. 6 is a block diagram of a further embodiment of 

the motor control system in accordance with the pres 
ent invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

To facilitate understanding the present invention, a 
brief reference will be made to a conventional motor 
control system for controlling the operation of a plural 
ity of motors M1’ to M,,', depicted in FIG. 1. Referring 
to FIG. 1, the conventional motor control system in 
cludes a microcomputer 3 to which an electric power 
source 1' is connected. Additionally, an input signal 
source 2’ such as a sensor or a switch is connected to the 
microcomputer 3'. The microcomputer 3' has its output 
ports connected to integrated circuits 41' to 4,,’ for driv 
ing the motors M1’ to Mn’. The integrated circuits 41’ to 
4,,’ are respectively provided for the motors so that the 
number of the integrated circuits corresponds to that of 
the motors M1’ to M,,’. Accordingly, 2n output ports P1’ 
to P2,,’ of the microcomputer 3’ are connected to the 
integrated circuits 4]’ to 4"’. Two kinds of output signals 
from each integrated circuit are determined in accor 
dance with high and low levels of two kinds of input 
signals from the microcomputer 3'. The output signals 
of the integrated circuit controls the operation of the 
motor corresponding to the integrated circuit in such a 
manner that the motor is stopped in case where the two 
kinds of output signals are the same in level whereas the 
motor is normally or reversely rotated in case where the 
two kinds of output signals are different in level. Addi 
tionally, a motor operational position detecting circuit 
5' such as a rotation sensor is provided to detect the 
operational status of the respective motors M1’ to M,,’. 
The output signals of the circuit 5’ are input to the 
microcomputer 3. . 
However, in such a motor control system, one motor 

driving integrated circuit and two output ports of the 
microcomputer are necessary for each motor. Accord 
ingly, as the number of the motors increases, the num 
ber of the motor driving integrated circuits increases 
while using a microcomputer having output ports of the 
number of at least two times the number of the motors, 
thus increasing the production cost of the motor control 
system and the space occupied by the same system. 

In view of the above description of the conventional 
motor control system, reference is now made to FIGS. 
2 to 6, and more speci?cally to FIG. 2 wherein an em 
bodiment of a motor control system according to the 
present invention is illustrated. The motor control sys 
tem is for controlling the operation of a plurality of 
motors M1 to M” which respectively drive, for example, 
a variety of devices such as a door for mixing warm and 
cool air, air blow-out opening change-over device, and 
a water valve in an air conditioning system of an auto 
motive vehicle. 
The motor control system comprises a microcom 

puter 3 to which an electric power source 1 is con 
nected. Additionally, an input signal source 2 such as a 
switch or a sensor is connected to the microcomputer 3. 
The microcomputer 3 is so arranged as to output signals 
for accomplishing sequential control of the motors M1 
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to M” in response to signals input from the input signal 
source 2 and from a motor operational position detect 
ing circuit 5. The motor operational position detecting 
circuit Sis arranged to detect the operational status (for 
example, of position stopping, normal rotation, and 
reverse rotation) of the motors M1 to M,, and output 
signals representative of the operational status to the 
microcomputer 3. 
A plurality of integrated circuits 41 to 4m are provided 

to drive the motors M1 to M,, in resonse to the signals 
from the microcomputer 3. Each integrated circuit has 
two input terminals which are respectively connected 
to two output ports of the microcomputer 3. For exam 
ple, the two input terminals of the integrated circuit 41 
are respectively connected to the output ports P1, P2 of 
the microcomputer 3. Similarly, the two input terminals 
of the integrated circuit 4", are respectively connected 
to the two output ports P,,_1, P” of the microcomputer 
3. Additionally, each integrated circuit has two output 

15 

4 
input terminal of each motor as mentioned above. The 
circuit 6 includes two input side transistors T1, T; which 
are respectively connected through its input terminals 
to the output ports P,,+1, PM; of the microcomputer 3. 
In case of the embodiment of FIG. 3, the two input side 
transistors T1, T2 may be respectively connected to the 
outputs ports P,,+2, P,,+3. Additionally, the circuit 6 
includes two output side transistors T3, T4 which are 
adapted ‘be switched “ON” or “OFF” in response to 
“ON” or “OFF” of the input side transistors T1, T3. 
Thus, the circuit 6 outputs high or low level signal from 
the output terminal drawn from the two output side 
transistors T3, T4 in response to the levels of the signals 
applied from the two output ports of the microcom 
puter 3. 

Here, the corresponding relationship between signal 
levels of the output ports P1 to PM; of the microcom 
puter 3 and rotational modes of the motors M1 to M” is, 
for example, predetermined as shown in the following 

terminals which are respectively connected to one of 20 table: 

TABLE 

Motor 

. Ml M2 . .. M,,_1 M,, 

Mode 

Output Normal Reverse Normal Reverse Normal Reverse Normal Reverse 
port rotation rotation rotation rotation . . . rotation rotation rotation rotation 

P] H L L H L L L L L 
P2 L H H L L L L L 

' L L L L :1: L L L L 

i’,,_| L L L L ‘L. H L L H 
P" L L L L L L H H L 
P,,+1 L H L H . . . L H L H 
P,,+2 H L H L H L H L 

the input terminals of one motor and one of the input 
terminals of another motor. For example, the two out 
put terminals of the integrated circuit 41 are respec 
tively connected to one of the input terminals of the 
motor M1 and one of the input terminals of the motor 
M2. Similarly, the two output terminals of the inte 
grated circuit 4", are respectively connected to one of 
the input terminals of the motor M,,_1 and one of the 
input terminals of the motor M,,.‘Another input terminal 
of each motor is connected to a motor normal-reverse 
rotation change-over circuit 6 for changing over the 
normal rotation of the motor to the reverse rotation and 
vice versa in response to signals from the microcom 
puter 3. Accordingly, in case where the number n of the 
motors is an even number, the number m of the inte 
grated circuits for motor driving is 5 n, so that the num 
ber of the integrated circuits are suf?cient to be half 
relative to that in the conventional motor control sys= 
tem as shown in FIG. 1. In case where the number n of 
the motors is an odd number as shown in FIG. 3, the 
number m of the integrated circuits for motor driving is 
% (n+1). In addition, in case where the number n of the 
motors is an even number as shown in FIG. 2, the num 
ber of the output ports of the microcomputer 3 is n 
which is the same as the number of the motors. In case 
where the number n of the motors is an odd number as 
shown in FIG. 3, the number of the output ports of the 
microcomputer 3 is n+1. 
As shown in FIG. 4, the motor normal-reverse rota 

tion change-over circuit 6 in FIG. 2 has two input ter 
minals and an output terminal. The two input terminals 
are respectively connected to two output ports P,,+1, 
P,,+2, while the output terminal is connected to the 
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In accordance with the above table, each motor M1, 
. , or M" is arranged to make its normal rotation when 

the output signal from the motor normal-reverse rota 
tion change-over circuit 6 is in “L(Low)” level upon 
output signal of the output port P,,+1 being in “L” level 
while the output signal of the output port P,,+2 being in 
“H(High)” level. On the contrary, each motor makes its 
reverse rotation when the output signal from the circuit 
6 is in “H” level upon the output signal of the output 
port Pn+1 being in “H” level while the output signal of 
the output P,,+2 being in “H” level. 
The manner of operation of ‘the thus con?gurated 

motor control system will be discussed. 
First the microcomputer 3 decides as to whether each 

motor makes its stopping, normal rotation or reverse 
rotation upon receiving the signals from the input signal 
source 2 and the signals from the motor operational 
position detecting circuit 5. In accordance with this 
decision, the microcomputer 3 outputs control signals , 
to the respective integrated circuits 4| to 4m and to the 
motor normal-reverse rotation change-over circuit 6, 
thus sequentially controlling the operation of the re 
spective motors M1 to M”. In this case, the control time 
T1, . . . , T” (as shown in FIGS. 5A to SC) of each motor 
is decided in accordance with use or response time of 
the motor, and the respective motors M1 to M,, are 
successively placed in the desired operational status 
determined by the microcomputer 3. Additionally, in 
such motor control, a predetermined stopping time T, 
(as shown in FIGS. 5A to SC) is set before the motor is 
changed into its normal rotation or into its reverse rota 
tion, or before control is shifted from one motor to 
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another motor, thereby preventing power source short 
circuit of the output section of the motor normal 
reverse rotation change-over circuit 6 and simultaneous 
rotation of two or more motors caused by retarded 
response of hardware relative to the control signals 
from the microcomputer 3. 
FIGS. 5A to SC show a flow chart of an example of 

the motor control or operation of the motor control 
system shown in FIGS. 2 and 4. In the flow chart of 
FIGS. 5A to 5C, a step of “Count +1 in Timer T” 
instructs to count up “+1” in Timer T and accordingly 
is also represented as “T=T+ 1”. Therefore, upon exe 
cution of the program, a variable T is counted up as 
T: l, 2, 3 . . . This counting-up step is for measuring 
rotation time of the motor. More speci?cally, when the 
motor makes its normal rotation or reverse rotation, the 
counting-up step is passed upon every lapse of a prede 
termined time, so that the rotation time of the motor is 
decided by the variable T. 
With respect to a step of “Is Stopping Flag “ON” '2”, 

the stopping flag “ON” means that all the motors are 
stopped. 
With respect to “Flags 3] to S,,_1”, for example, “S1 

Flag” is adapted to be switched ON when the motor 
M1 reaches a predetermined position or when the mea 
sured time T1 lapses. When the motor M1 reaches the 
predetermined position, a device driven by the motor 
M1 reaches its desired state. In case where the device is 
the door for mixing warm and cool air, when the motor 
M1 reaches the predetermined position, the opening 
degree of the mixing door reaches a predetermined 
value. This operational position of the door is detected 
by the above-mentioned motor operational position 
detecting circuit 5. An example of the circuit 5 is a 
potentiometer disposed at an opening and closing part 
of the mixing door though not shown. 

Accordingly, when the decision of the step of “Is 
Flag S1 “ON” ? ”is “Yes”, the device driven by the 
motor M1 has reached a predetermined state or the 
motor M1 has operated a time more than the time T1 and 
then the motor M1 is stopped. If the decision is “No”, 
the operation of the motor M1 is continued. 

Similarly, Flag S2 is in connection with the motor M2 
and time T2 in the timer T. Thus, under the action of 
Flags S1 to S,,_1, the motors M1 to M,, can be succes 
sively operated within a predetermined time. Addtion 
ally, in the flowchart of FIGS. 5A to SC @ is con 
nected to , and is connected to 

Returning 'to FIG. 3, a second embo' tment of the 
motor control system according to the present inven 
tion is illustrated in which the number of the motors M1 
to Mn is an odd number. As shown, nothing is con 
nected to one of the two output terminals of % (n+1) th 
integrated circuit 4",. It will be understood that the 
integrated circuit 4m may be replaced with another 
motor normal-reverse rotation change-over circuit 6 as 
illustrated in FIG. 6, in which (n—1) motors M1 to 
M,,_1 are connected to the output terminals of m=é 
(n- 1) integrated circuits 41 to 4,", whereas remaining 
one motor M” is connected to the output terminal of the 
additional (another) motor normal-reverse rotation 
change-over circuit 6. In the embodiments of FIGS. 3 
and 6, the same reference numerals as in FIG. 2 desig 
nate the same elements and parts. 
The above-discussed three embodiments of the pres 

ent invention give the following advantages as com 
pared with the conventional motor control system of 
FIG. 1: 
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6 
First in case of the embodiment of FIG. 2, the number 

of output ports of the microcomputer 3 to be used is 
n+2 and therefore less than that in the conventional 
case of FIG. 1 by 2n—(n+2)=n—-2. Furthermore, the 
number of the integrated circuits for motor driving in 
the case of FIG. 2 embodiment is less than that in the 
conventional case by n-—% :én. 

In case of the embodiment of FIG. 3, the number of 
the output ports of the microcomputer 3 to be used is 
n+3 and therefore less than that in the conventional 
case by 2n-(n+3)=n—3. Furthermore, the number of 
the integrated circuits for motor driving is less than that 
in the conventional case by n—% (n+ l)=% (n- 1). 

Further in case of the embodiment of FIG. 6, the 
number of the output ports of the microcomputer 3 is 
n+3 and therefore less than that in the conventional 
case by 2n-(n+3)=n—3. Additionally, the number of 
the integrated circuits for motor driving is less than in 
the conventional case by n--% (n+ l)=§~ (n- 1). 

It will be understood that such advantages become 
predominant as the number n of the motors increases. 
As is appreciated from the above, according to the 

present invention, the number of the motor driving 
integrated circuits and the microcomputer output ports 
are suf?cient to be much less than that in the conven 
tional cases, thereby achieving production cost reduc 
tion, necessary space reduction and effective use of the 
microcomputer output ports. 
What is claimed is: 
1. A motor control system for controlling operation 

of a plurality of motors each having ?rst and second 
input terminals, said control system comprising: 

a control circuit for performing sequential control of 
the motors in response to signals input thereto, said 
control circuit having output ports; 

means for driving said motors in response to signals 
output from said control circuit, said driving means 
having input terminals connected to said control 
circuit output ports, and output terminals con 
nected to said motor ?rst input terminals; 

?rst change-over means for changing over rotational 
direction of said motors in response to signals out 
put from said control circuit, said ?rst changing 
over means having input terminals connected to 
said control circuit output ports, and an output 
terminal connected to the second terminals of said 
motors; and 

means for detecting operational status of each motor 
and outputting signals representative of the opera 
tional status of each motor to said control circuit. 

2. A motor control system as claimed in claim 1, 
wherein said ?rst changing-over means is a motor rota 
tional direction changing over circuit including ?rst and 
second input terminals respectively connected to differ 
ent output ports of said control circuit, an output termi; 
nal connected to the second terminals of the motors, a 
?rst transistor connected to said ?rst input terminal, a 
second transistor connected to said second input termi 
nals, a third transistor connected to said ?rst and second 
transistors, and a fourth transistor connected to said 
second and third transistors, said output terminal being 
connected to said third and fourth transistors. 

3. A motor control system as claimed in claim 1, 
further comprising means for producing signals for 
commanding operation of at least one of the motors and 
outputting said signals to said control circuit. 

4. A motor control system as claimed in claim 3, 
wherein said signal producing means includes a sensor 
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A for sensing a condition to be regulated by at least one of 
the motors. 

5. A motor control system as claimed in claim 3, 
wherein said signal producing means includes a switch 
to be switched so as to control operation of at least one 5 
of the motors. 

6. A motorcontrol system as claimed in claim 3, 
wherein said signals output from said control circuit are 
in accordance with said signals from said motor opera~ 
tional status detecting means and said signal producing 
means. 

7. A motor control system as claimed in claim 1, 
wherein said motor driving means includes a plurality 
of integrated circuits each having two input terminals 
respectively connected to two different output ports of 15 
said control circuit, and ?rst and second output termi 
nals respectively connected to said ?rst input terminals 
of different two motors. 
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8 
8. A motor control system as claimed in claim 7, 

wherein the number of said integrated circuits is an odd 
number, wherein said motor control system further 
comprises second change-over means for changing over 
rotational direction of one of the motors in response to 
signals output from said control circuit, said second 
change-over means having input terminals connected to 
said control circuit output ports, and an output terminal 
connected to the ?rst terminal of said one of the motors. 

9. A motor control system as claimed in claim 7, 
wherein the number of said integrated circuits is 'an 
even number. 

10. A motor control system as claimed in claim 7, 
further comprising an additional integrated circuit hav 
ing an input port connected to an output port of said 
control circuit, and an output port connected to a mo‘ 


